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INTEGRATED SELF-OPTIMIZING MULTI- 
PARAMETER AND MULTI-VARIABLE 
roiNT TO MULTIPOINT COMMUNICATION 
SYSTEM 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an adaptive point to multipoint 
wireless communication system, 

2. Related Art 

Wireless communication between a sender and a receiver 
includes sending information using a wireless communica- 
tion link, in which the sender modulates information onto a 
wireless communication channel (such as a frequency band 
reserved for wireless communication between the sender 
and the receiver), and the receiver demodulates that infor- 
mation from the wireless communication channel, so as to 
recover the original information. 
. ^^ne^problem with known systems is that physical char- 
acteristics tpf the communication link between the .sender 
and receiver can change substantially over relatively short 
^'" periods of time (for 'fexamplet^the^'distahc^^ the 
fc/isender'and receiver or the equipment used by the sender or ^' 
- receiver). -This is particularly so for interference, such as 
^f'-f gp-chann^^^ multipoint efifects, , 

L^suchris inintrasymbol^ and 



10 



35 



20 




^^{>^ miinicHionljetweeh the^sender :aia<ttEelre6eiYe^ 

' Accordingly, it would be advantageous to provide 




r rchang^^a^aptively in response to changes in the character:' 
li*;-^*istics^of^ communication ^inedia, that is not 

^A'^^ ' subject to drawbacks" of the loaown ah 

SUMMARY OF THE INVENTION 

. " The invention provides a method and system for adaptive 
. point to multipoint wireless communication. In^a preferred 45 
; } .;^embodim^ and^ the^ wir^l^s^ 

V' me'iSia-S^^ontrol (MAC) layc^coUectiyel/m^^ 

; of paranieters, which are adaptively modified by a base " 
^•^ iit^staliont^^ awith .a .plurality of 

'O^^V^customerj^fe ^equipnienlA In „a Grst .aspect of the 50 
, '*^- -inyention,-lhe Wireless transport layer includes a number of 
' provisions, such as adaptive link layer transport services and 
- ^ V an advanced TDMA (tim'e~divisi6n multiple^ access) piroto- 

controller adjusts; 
•communication vwith each customer premises equipment .55 
; : . . individually imd^ada in response to changes in char- 

V ' ^acterist^^^^ in cltiding physical 

. . ■ . pharacterisiics, amount of Comrhuriication traffic,' ahd nature 
of application for the communication traffic7'The use of 
point-to-p6irit multipoint wireless "chahiierprovi '^q 
oyer a link whose parameters are continuously adapting i'o 
current conditions, on a per-user basis./ 

The invention provides an enabling technology for a wide 
variety of applications for communication, so as to obtain 
substanliai advantages and capabilities that are novel and 65 
non-obvious in view of the known art. Examples described 
below primarily relate to a wireless communication system. 



but the invention is broadly applicable to many different 
types of communication in which characteristics of the 
communication link arc subject to change. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a block diagram of a system using adaptive 
point to multipoint wireless communication in a wireless 
communication system. 

FIG. 2 shows a process flow diagram of a method for 
operating a system using adaptive point to multipoint wire- 
less communication in a wireless communication system. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In the following description, a preferred embodiment of 
the invention is described with regard to preferred process 
steps and data structures. Embodiments of the invention can 
be implemented using general-purpose processors or special 
purpose processors operating under program control, or 
other circuits, adapted to particular process steps and data 
structures described herein. Implementation of the process 
steps and data structures described herein would not require 
undue experimentation or further invention. 

Related Application 

Inventions described herein can be used in conjunction 
with inventions described in the following documents. 

U.S. patent applicaiion Sen No. 09/475,642, filed Dec. 30, 
1999 in the name of Subir Varma, Khuong Ngo, Jean 
Fuentes, Paul Truong, and Reza Majidi-Ahy, titled "Adap- 
tive Link Layer for Point to Multipoint Communication 
System." 

Each of these documents is hereby incorporated by ref- 
erence as if fully set forth herein. These documents are 
collectively referred to as the "Incorporated Disclosures". 

Lexicography 

The following terms refer or relate to aspects of the 
invention as described below. The descriptions of general 
meanings of these terms are not intended to be limiting, only 
illustrative. 

base station controller — in general, a device for performing 
coordination and control for a wireless communication 
cell. There is no particular requirement that the base 
station controller must be a single device; in alternative 
embodiments, the base station controller can include a 
portion of a single device, a combination of multiple 
devices, or some hybrid thereof. 

communication link — in general, an element for sending 
information from a sender to a recipient. Although in a 
preferred embodiment the communication links referred 
to are generally wireless line of sight point to point 
communication links, there is no particular requirement 
that they are so restricted. 

customer premises equipment — in general, a device for 
performing communication processes and tasks at a cus- 
tomer location, and operating in conjunction with the base 
station controller within a wireless communication cell. 
There is no particular requirement that the customer 
premises equipment must be a single device; in alternative 
embodiments, the customer premises equipment can 
include a portion of a single device, a combination of 
multiple devices, or some hybrid thereof. 

physical parameters — in general, with reference to a wire- 
less communication link, a set of characteristics or param- 
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cicrs relating to physical transmission of information on a A system 100 includes a wireless communication cell 110, 

communication link. For example, physical characteris- a base station controller 120, and one or more customer 

tics can include (a) a symbol transmission rale, (b) a premises equipment 130. 

number of payload data bits assigned per symbol, (c) a 'l*he wireless communication cell 110 includes a generally 

number of error detection or correction bits assigned per 5 hexagon-shaped region of local surface area, such as might 

symbol, and the like. be found in a metropolitan region. Use of generally 

MAC parameters— in general, with reference to a wireless hexagon-shaped regions is known in the art of wireless 

commumcation link, a set of characteristics or parameters communication because they are able to tile a local region 

relalmg to media access control of a communication link. with .substantially no gaps. However, although in a preferred 

For example, MAC parameters can include (a) a number embodiment the wireless communication call 110 includes a 

of payload data bytes assigned per message, (b) a frc- generally hexagon-shaped region, there Ls no particular 

quency of acknowledgement messages and a number of requirement for using that particular shape; in alternative 

message retransmission attempus, (c) a fraction of the embodiments it may be useful to provide another shape or 

communication hnk allocated to downstream versus tiling of the local surface area, 

upstream communication, and the like. -ru u . . n 11/1 • t j 

wireless communication svs.em-in general, a commumca- » .^''"?%:^'^9^!^^lf>9^^ 

tion system including a.'least one communication link that - ■ .S' ^ 

uses wireless communication techniques. ... an^nn^fo sending or receiving informatton usmg wireless 

... . , r , , ■ communication techniques. . ■ 

wireless transport layer — in general, a set of protocols and e - ;i. u ■ Z'^^ -r' li ^ - 

protocol parameters for sending and receiving infomia- ^^?4%l^*f^^ 

tion using wireless transport. In a preferred embodiment, ^0 premises^^iiipment 130 mchdes a^^^^^^^^ 

the wireless transport layer is part of a multilayer syslems^'^^/^fflSFy. ^^ss sU)ngeVaDd^one^i;jmore 

architecture, in which the wireless transport layer is bu i It '^^^^^^^'S .Q£ receiving informaUori^usmg wirelessix)ramum- , 

using a physical transport layer, and the wireless transport ' techniques. 

layer is used by a logical transport layer such as IP. ^ Vr>S?!3?J?4?i^^^^^^^ 
As noted above, these descriptions of general meanings of^i5:??^"JS^°?2^^^ 
these terms are not intended to be limiting, only illustrative"!^-- ^^^^^"^^^^ TT'l-y^'^^^^^^^^-^^^^V^ 
Other and further applications of the invention, includingm^^^^lSSJ^^^"'"^^^^!^^^^ 
extensions of these terms and concepts, would be clear topa|?ft^ip^tes^|l|^ 
those of ordinary skiU in the art after perusing this applica»M'^^i#!5fe^^^l°v^?i^?SK^ 
tion. These other and ftirther applications are part of th^Mi?^^l^# -^.^^^^ 
scope and spirit of the invention, and would be clear to tho^^^Kgg^^S!g?#^4^9^^^^^^^ 
of ordinary skill in the an, without further invention or M??^^^^?^^?^^^^ 

undue experimentation. Commiiriicatioh between the base station controller 120 

and each customer premises equipment 130 is conducted 
^y^^^"^ Context 35 using a time division duplex technique, in which time 

VS :iAjyJf^^ using' adaptive point to * multipoint .wireless duration is are divided into individual frames, each one of 
; ^|Conimunication in a \yircless communication system^:oper;;. which mcludes a downstream portion and an "upstream" 
.:^jates*'-a^^^ in which deyiceV coupkd to portion. Unlike existing protocols in which transmissions 

.pj.^^^^^^^ are controlled by the transmitting side, the base station 

" ; and switch messages, and receive* messages. In/a ^ controller 120 controls transmissions for both upstream and 

'^ .embodiinent, devices coupled to (and integrated with)\he downstream directions, without specific requests from the 
network -Tsend, -route, and receive 'these messages as customer premises equipment. 
•.Sv'^^|,seqi^^ During the downstream portion of each frame, the base 

; 7V .<^elivery information 'and a payload. including data., In a station controller 120 transmits, thus sending information to 
. Jpreferred^ejmbpdi^^ packet.tormat conforms to the OSI "^s one or more customer premises equipment 130. During the 
'. Vmbdel.Hwhich^^a application protocol (layer 5, siich'as* upstream portion of each frame, each customer premises 
•rvf-^Ct^TjTip equipment 130 is potentially allocated a time slot for 

J^;i:^-^Msds a" network protocol (layer 3, such as IP), which uses^a, transmission, thus for sending information to the base sta- 
-.i^ifl^media^Sooc^^ tion controller 120. Time division duplex techniques are 

- known in the art of wireless communication. 

::5^<6^^!P]^y^ adaptive ppinHoniuJtipp^ -^^ p^.^^ Multipoint Communication 

communication IS describe - . ^„.^^..,J; " 

/ and layerXparticularly as it applies to interactions be I 'I^e base station controller HO oiaintainn setp physic^ 
;:::^7?^layerl =and^layer 2 and b^tAwen'those la)^ layei33.#^^^ll^Pi?^^^^^ 

* " However,'conccpts and technique's oY the inven'tiorare also jjSS ^mises,equipment 130?In a preferred embodiment, control of 




bmbociunents of the invention to improve communicaUo^Sf'^"°°J^5'U®^^ 
Adapting those concepts and techniques to such other layers' ^o'j^o'r ea^^ customer premises'eqmpmeiia regard to ^ 

would not require undue experimentation or further ^^^^' ' "^^^ 

inventibn, and is within the scope and spirit of the invention. V Premises equipment 130. Similarly, the base station control- * 

V;,!^^ j^^*^ power level for a particular customer- 

System Elements - premises equipment 130 without regard for modulation type 

FIG. 1 shows a block diagram of a system using adaptive 65 for that particular customer premises equipment 130. 
point to multipoint wireless communication in a wireless ' However, in alternative embodiments, the base station • 
communication system. controller 120 may control multiple parameters in groups, or* 
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in a correlated manner. Thus, the base station controller 120 
may alternatively determine power level and modulation 
type for a particular customer premises equipment 130 as a 
pair of values, where the pair of values are determined so 
that the optimal pair (rather than optimal individual values) 
are selected. For example, the base station controller 120 
may notice that a particular customer premises equipment 
130 needs substantially less transmission power level when 
using a more robust modulation type, and thus select the 
power level and modulation type parameters for that par- 
ticular customer premises equipment 130 jointly so as to be 
optimal as a pair, rather than as individual values. 

In further alternative embodiments, the base station con- 
troller 120 may control parameters for multiple customer 

■ premises equipment 130 in groups, or in a correlated man- 
ner. Thus, the base station controller 120 may alternatively 
select a group of more than one customer premises equip- 
ment 130 and control physical parameters and MAC param- 
eters for the group as a whole, where the parameters are 
determined so as to be optimal for the group, rather than for 

^individual customer premises equipment 130. For example, 

. the base station controller 120 may notice that two customer 
premises equipment 130A .and B generate substantial 
co-channel interference, and therefore set the channel selec- 

•^tioTparameters fdr"th'6seT\^^^ premises equipment 

130A and B to avoid that co-chatinel interference. 

As a further alternative embodiment of controlling param- 
eters for multiple customer premises equipment 130 in 
groups, the base station controller 120 may control param- 
eters so that (for a group of N customer premises equipment 
130), some portion M of those customer premises equipment 
130 have a first set of parameters, while some other portion 
(N-M) of those customer premises equipment 130 have a 
.second set of parameters, so that communication with the 
entire group of N customer premises equipment 130 is 
optimal. For example, the base station controller 120 may 
determine, for N=10 customer premises equipment 130, that 
M=9 of those customer premises equipment 130 communi- 
cate with the base station controller 120 at 20 mcgasymbols 
per second, while the remaining (N-M)=l of those customer 
premises equipment 130 communicate with the base station 
controller 120 at 5 megasymbols per second, so that allo- 
cated resources are minimized for communication with the 
entire group of N=10 customer premises equipment 130. 

In a preferred embodiment, each of the following param- 
eters actually has two values: a first value for transmission 
by the base station controller 120 and a second value for 
transmission by the customer premises equipment 130. 
Thus, the base station controller 120 can transmit using a 
first set of parameters while the customer premises equip- 
ment 130 is instructed to transmit using a second set of 
parameters. There is no particular requirement that the first 
set of parameters and the second set of parameters need be 
correlated, except for optimizations desirable due to the 
nature of the communication link between the base station 
controller 120 and the customer premises equipment 130. 

In alternative embodinients, the optimizations selected by 
the base station coatroller^HO may be responsive to opti- 
mizations or requirements jniposed by higher levels in the 
OSI model. For example, there are instances noted below in 
which, if the application level is transmitting voice infor- 
mation or other streaming media, a first set of parameters 
would be considered optimal; while if the application level 
is transmitting file data or other relatively cohesive 
information, a second set of parameters would be considered 
optimal. 

In a preferred embodiment, physical parameters and 
MAC parameters include the following physical parameters: 
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antenna selection — The base station controller 120 includes 
more than one antenna, and each customer premises 
equipment 130 includes one or more antennas. In a 
preferred embodiment, the antenna selection parameter 
5 includes a choice of which one antenna at the base station 
controller 120 and which one antenna at the each cus- 
tomer premises equipment 130. 
In alternative embodiments, the antenna selection parameter 
includes the po.ssibility of sending portions of communica- 
]0 tion signal from each of a plurality of antennas (thus, either 
simultaneously sending from two antennas or sending from 
one antenna followed by a second antenna) and similarly 
receiving portions of communication signal al each of a 
plurality of antennas. 
15 power level — The base station controller 120 sets the power 
allocated for transmi.ssion. 
channel selection— The communication link includes more 
than one frequency channel on which transmissions arc 
sent and received. In a preferred embodiment, the channel 
20 selection parameter includes a choice of which one chan- 
nel the base station controller 120 uses to transmit and 
which one channel the each customer premises equipment 
130 transmit. 

Similar to antenna selection, in ahernative embodiments, the 
25 channel selection parameter includes the possibihty of send- 
ing portions of communication signal from each of a plu- 
rality of channels (thus, either simultaneously sending from 
two channels or .sending from one channel followed by a 
second channel) and similarly receiving portions of com- 
30 munication signal at each of a plurality of channels. 

In alternative embodiments, the communication link may 
include other types of channel other than frequency division 
(FDMA), such as spread .spectrum code division (CDMA), 
or some combination of transmission separation techniques, 
35 such as a combination of CDMA, FDMA, and TDMA 
techniques. In such alternative embodiments, the channel 
selection parameter includes the possibility of selecting one 
or more of such separation techniques either independently 
or jointly. 

40 modulation type — 'Che ba.se station controller 120 and the 
customer premises equipment 130 can exchange informa- 
tion at one of a number of dilierent bit per symbol rates, 
as determined by the modulation type for transmission of 
information, in a preferred embodiment, the modulation 

45 type parameter selects between QPSK, 16QAM, and 
640AM modulation techniques. When the modulation 
type is OPSK, two bits are transmitted for each symbol. 
Similarly, when the modulation type is 16QAM, four bits 
are transmitted for each symbol, and when the modulation 

50 type is 64QAM, six bits are transmitted for each symbol. 
In alternative embodiments, the modulation type may 
include other techniques for modulation, such as QFSK or 
other frequency modulation techniques, spread spectrum 
modulation techniques, or some combination thereof. 

55 symbol rate — ^The base station controller 120 and the cus- 
tomer premises equipment 130 can exchange information 
at one of a number of different symbol per second rates, 
as determined by the symbol rate for transmission of 
information. In a preferred embodiment, the symbol rate 

60 parameter selects between transmission rates of five, ten, 
or twenty megasymbols per second, 
error code type — The base station controller 120 and the 
customer premises equipment 130 can exchange informa- 
tion using one of a number of different error detection and 

65 correction techniques, 'lliese error detection and correc- 
tion techniques can include past error detection and 
correction and forward error detection and correction. 



02/10/2004, EAST version: 1.4.1 



us 6,654,384 Bl 



8 



Various codes and techniques tor error detection and 
correction are known in the art of int'ornQation science. In 
a preferred embodiment, the error code type parameter 
selects between Rcid-Solomon codes encoding N pay load 
bits using a block of M transmitted bits, where M is 5 
greater than or equal to N. .7 
equalization — When base station controller 120 ^Qd vthc| 
' customer premises equipment 130 exchange information;-^ . 
the communication link between Jhe^ two imposes an ^ ^ 
"impulse 'response,' so' that a 'signal Vhich' is'' faiis^^^ 'lo" 
,>frpm ^he sender .to :'the >:fec»iveT"^is''^ transformed ^ in ^.a^^'^^' 



information using acknowledgment^(ARQ) nies|a^^^^ 
as to^iridicale to the senflci'^tietber^r^tlther^ei^^^i 
accurately received any particular «payJaad^^eJ^^^^^ 
particular payload e Ic ment^is 

decide to retransmit that payroadBlcment^g^^^ 
tinnes/so as to attempt lp,hamg|^ivejdj^^^^le 
acknowledgment parameter^ selects ' how^^equSnll)^ 
acknowledgment raessages^e^u^iy^e0;fHo^^ 




^^ application, that there is a. relationship Jyt^ 



^other|reguency:diyerse^fi^ such ^eafe,; rj5'^^:;{ionr iS^=^c by the laye?Tar5ficSio?|?S^M|p^ 

. sioD ^or another streaming ™®dia, Jhere^Jitt^ 



and the customer premises equipment 130 inclutle an equal- 
',izer element, which attecnpts to invert the impulse respon^b,^^ 
^:^^gof 4he communication ,link ^by jpre;^nditioaing ,the .signal; 



retransmitting any particular^fa^load element^a^^ 



^ ^ ^ _ ^_lelemTnl,W4he^e3 

/5ife?|pre^Uan^^ion7 The;equaUzer ck^ and presenling^haYjpC^BSa'ei^entl^^ 

- s^uence^ of cqeflBcients for use' in alSnite impulse response^^^ ^,^well p^sed by the time Jhatpjurti^lw^ay to 
,;J(HRyMter,"o^ma^ include a sequence of coefl5cients foruse be' retransmitted by the seffj^^^d re^iveS^tfi^^^^^ 

in^a polynomial for determining values for an infinite%-^ 'On the dintrary, for exampleJ^wG^ 
^^iS^tisTfr^Srs^WRmter^ 

luir^r, ^.^u lqsLpayloadJei^^{,^^^d||^pa^^ 
- generally requu-ed f6r useful reception of the^ 
n a preferred embodiment, physical parameters and / cniu^e me^aaia iransier. 

TDD duty cycle As described in the Incorporated 
Disclosures, the base station controller 120 and the cus- 



tomer premises equipment 130 exchange information 
using a downstream portion and an upstream portion of a 
TDMA transmission frame. The TDD duty cycle param- 
eter selects how much of the TDMA transmission frame 
is allocated for downstream information transfer and how 
much of the team a transmission frame is allocated for 

upstream information transfer. 

Asjescribe beiow, thejg;^ggM^ ^^^H^^^^^ 
^physical paraipt|^^^^^^^^mSt^re!pSTO 
; a'dapti^yj^CMJifies Hhem\^^ 

'^mmunication link betwei^nS^^^^^B^^omraQ^L20&: 



. .-^aaiiK. 



MAC parameters include the following MAC parameters: 
message size — As described in the Incorporated 

Disclosures, the base station controller 120 and the cus- 30 

lomcr premises equipment 130 exchange information 

using (downstream or upstream) payload elements, each 

of which includes header information and payload infor- 
mation. The message size parameter includes a value for 

the amount of payload information to be included in each 35 

payload element; this value can vary from a relatively 

small number of payload bytes to the maximum number 

of payload bytes allowed by the network (layer 2) 

protocol, typically about 1500. 

^r.*?^ I ri^* preferred embodiment, the message size parameter is "40 ^^^^ ^^.-o - > -^««**ars2swM»'!r'-^ ' itts^^ 
'■^•i^fnmarily respbnsive to the bit error rate^BER) experienced jV'^^'.ISKS^PP". P'^^^?^W'P?5f#?S®M?^hen^^^^^^^ 

for'the communication link between the base station con- r base station. controller 120 notices^a;change in^^^ 
,i,"^.troUer 120 and the customer premises efluipiiient 130. When ryi^i^'^^p^Pm<^?}i^J^^^^^SS^^W^. 
\e' bit' enor rate is relatively small, theinessage size . ■-^^■'P^y^lP4^¥-'^^^-^.m^^ 
'-pafimcter can be set to be relatively large, so as to reduce the «5 " ^?*-?'iy tq .the;new characteristic o|.tte^gimun^^ 
—amount of overhead for header information in each payload I Rff^' 
' element. HoWever, when the bit error rate is relatively large?;'' (°f at least one) past sets of values rfffiwe parameters^nd 

.the message size parameter can be set to be relatively' ", mollifies the most.recent s« of pjiTam^ 
C.:v; smaller.; so to reduce the amount of overhead for lost' -ft^haractenslics w^^a^^ 
.:ViiV]>"ayl6ad elements due to errors in one or more symbols of 'so'l^^yM^^^'^:^'^'^^'^^ 
■ transmitted payload elements. 

I'hose skilled in the art will recognize, after perusal of this 

application, that there is a relationship between the mcxlu- 

lation type, error code type, and message size. Thus, where 

the modulation type allocates relatively fewer bits per 55 

symbol, the likelihood of error for any particular symbol is 

relatively lower, and the bit error rate will also be relatively 

lower. Similarly, where the error code type allocates rela- 
tively more error detection or correction bits per symbol, the 

likelihood of error for a particular symbol is also relatively 60 

lower, and the bit error rate will also be relatively lower. In 

those cases where the bit error rate is relatively lower, the 

message size parameter can be set to a relatively larger 

value. 

acknowledgment and retransmission — As described in the 65 
Incorporated Disclosures, the base station controller 120 value,., 
and the customer premises equipment 130 exchange 



have persistent 'Effect oh futureyvalues. 

In a preferred embodiment^^e base station controller 120 
records each current value for the physical parameters and 
MAC parameters, determines exact values for the physical 
parameters and MAC parameters in response to character- 
istics of the communication link, and adaptively selects new 
values for the physical parameters and MAC parameters 
(thus, for the next TDMA frame) by linearly mixing current 
values with dynamic values/Operation of this technique is 
shown in the following equation 140: 

\-alue^^^.*-l -alpha •valuec„,,„,+aipha"value„„^, (140) 

where 

value„^»,.=thc new value of each parameter, for the next 
TDMA frame; 

=lhe current value of each parameter, for the 



most recent TDMA frame; 
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vaiue^^^^^,=lhe dynamic exact value of each parameter, 
determined in response to characteristics of the com- 
munication link; and 

alpha-a hysteresis parameter for determining how fast to 
respond lo changes in characteristics of the communi- 
cation link. 

In a preferred embodiment, the value of aipha is specific 
to each individual physical parameter and MAC parameter. 

Method of Operation 

FIG. 2 shows a process flow diagram of a method for 
operating a system using adaptive point to multipoint wire- 
less communication in a wireless communication system. 

A method 200 includes a set of flow points and a set of 
steps. The system 100 performs the method 200. Although 
the method 200 is described serially, the steps of the method 
200 can be performed by separate elements in conjunction or 
in parallel, whether asynchronously, in a pipelined manner, 
or otherwise. There is no particular requirement that the 
method 200 be performed in the same order in which this 
description lists the steps, except where so indicated. 

At a flow point 210, the base station controller 120 and the 
customer premises equipment 130 are ready to begin a 
TDMA frame. 

At a step 211, the base station controller 120 and the 
customer premises equipment 130 conduct communication 
using a TDMA frame. As part of this step, the base station 
controller 120 directs the customer premises equipment 130 
regarding which physical parameters and MAC parameters 
to use. 

At a step 212, the base station controller 120 determines 
characteristics of the communication link with the customer 
premises equipment 130, in response to performance of the 
communication during the previous TDMA frame. 

At a step 213, the base station controller 120 determines 
exact values for the physical parameters and MAC param- 
eters in response to characteristics of the communication 
link. 

At a step 214, the base station controller 120 determines 
new values for the physical parameters and MAC param- 
eters in response to results of the previous step, and perfor- 
mance of the equation 140. 

After this step, the base station controller 120 and the 
customer premises equipment 130 have performed one 
sending and receiving information using a TDMA frame. 
The flow point 310 is reached repeatedly and the steps 
thereafter are performed repeatedly, for each TDMA frame. 

Generality of the Invention 

The invention has general applicability to various fields of 
use, not necessarily related to the services described above. 
For example, these fields of use can include one or more of, 
or some combination of, the following: 

The invention is applicable to other forms of wireless 
communication, such as frequency division multiple 
access (FDMA) or code division multiple access 
(CDMA, also known as spread spectrum 
communication); 
The invention is applicable to wireline (that is, non- 
wireless) communication, in which now can be 
achieved from dynamically adjusting communication 
parameters, such as physical parameters or MAC 
parameters. For example, the invention can be gener- 
alized lo wireline communication using modems in 
which equalization parameters are to be dynamically 
adjusted. 
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The invention is applicable to other wireless communi- 
cation systems, such as satellite communication sys- 
tems and (microwave tower or other) point to point 
transmission systems. 

5 The invention is applicable to both fixed wireless com- 
munication systems, in which customer premises 
equipment do not move relative to the base station 
controller 120, and to mobile wireless communication 
systems, and which customer premises equipment 

^ move substantially relative to the base station txjntroller 
120. 

Other and further applications of the invention in its most 
general form, will be clear to those skilled in the art after 
perusal of this application, and are within the scope and 
spirit of the invention. 

IS 

Alternative embodiments 
Although preferred embodiments are disclosed herein, 
many variations arc possible which remain within the 
concept, scope, and spirit of the invention, and these varia- 
20 tions would become clear to those skilled in the an after 
perusal of this application. 
What is claimed is: 

1. A method, including steps of 

determining first values for a plurality of first parameters 
25 and one or more second parameters for a communica- 
tion hnk, said first parameters being associated with a 
first layer of an OSI model communication system and 
said second parameters being associated with a second 
layer of the OSI model communication system; 
3Q sending first information using said first values; 

obtaining second information regarding characteristics of 
said communication link in response to a resuU of said 
steps of sending; and 
adjusting a plurality of said first values in conjunction in 
35 response to said second information, whereby said first 
parameters and said second parameters for further use 
of said communication link are responsive to said steps 
of adjusting; 

wherein said steps of adjusting include steps of dynami- 
40 cally selecting a .set of altered first values in response to 
said second information, said set of altered first values 
including at least two changes to said first parameters 
and said second parameters, said set of altered first 
values having been determined to be superior to altered 
45 first values having only one change to said first param- 
eters and said second parameters, 

2. A method as in claim 1, wherein said first layer and said 
second layer are selected from the group: a physical layer, a 
media access layer, a network layer, a transport layer, an 

50 application layer. 

3. A method as in claim 1, wherein said first parameters 
include at least two of: an antenna selection value, a power 
level value, a channel selection value, a modulation type 
value, a symbol rate value, an error code type value, a set of 

55 equalization values. 

4. A method as in claim 1, wherein said second parameters 
include at least one of: a payload element size, a message 
size value, a set of acknowledgment and retransmission 
values, a TDD duty cycle value. 

60 5. A method as in claim 1, wherein said communication 
link is subject to at least one of: interference effects, mul- 
tipath eff'ects, both interference effects and multipath effects. 

6. A method as in claim 1, wherein said communication 
link includes a wireless communication link. 

65 7. A method as in claim 1, wherein said communication 
link includes a plurality of distinguishable channels, said 
channels being distinguished u.sing a plurality of: 
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frequency division, lime division, space division, spread 
spectrum code division. 

8. A method as in claim 1, wherein said communicalion 
link includes a plurality of distinguishable channels, said 
channels being distinguished using at least one of: 5 

frequency division, lime division, space division, spread 
spectrum code division. 

9. A method including steps of 

determining first values for a plurality of first parameters 
and one or more second parameters for a communica- 
tion link, said first parameters being associated with a 
first layer of an OSI model communication system and 
said second parameters being associated with a second 
layer of the OSI model communication system; 

sending first information using said first values; 

obtaining second information regarding characteristics of 
said communication link in response to a result of said 
steps of sending; and 

adjusting a plurality of said first values in conjunction in 20 
response to said second information, whereby said first 
parameters and said second parameters for further use 
of said communication link are responsive to said steps 
of adjusting; and 

recording an old set of said first values for said commu- 25 
nication link; 

wherein said steps of adjusting include 

calculating a new set of said first values for said 
communication link in response to a result of said 
steps of obtaining second information; and 
combining an adjusted set of said first values adaptively 
in response to said old set of said first values and said 
new set of said first values, 

10. A method as in claim 9, wherein said steps of 
combining include determining said adjusted set using at 
least one hysteresis parameter. 

11. A method as in claim 1, wherein said steps of adjusting 
are responsive to a type of protocol being used by at least 
one of the group: a physical layer, a media access layer, a 
network layer, a transport layer, an application layer. 

12. A method as in claim 11, wherein said steps of 
adjusting are responsive to whether an application layer 
protocol is for asymmetric transfer of information. 

13. A method as in claim 11, wherein said steps of 
adjusting are responsive to whether an application layer 
protocol is for sending voice or video information. 

14. A base station controller including 

one or more antennas for sending and receiving informa- 
tion over a communication link; 

a processor that controls sending and receiving informa- 
tion over the communicalion link responsive to at least 
first parameters associated with a first layer of an OSI 
model communicalion system and one or more second 
parameters associated with a second layer of an OSI 55 
model communication system; and 

a memory that stores data and instructions, the data 
including the first parameters and the second parameter, 
the instructions including steps of: determining first 
values for a plurality of the first parameters and the 60 
second parameters for the communication link; sending 
first information using said first values; obtaining sec- 
ond information regarding characteristics of said com- 
munication link in response to a result of said steps of 
sending; and adjusting a plurality of said first values in 65 
conjunction in response to said second information, 
whereby said first parameters and said second param- 



30 



35 



45 



eiers for further use of said communication link are 
responsive to said steps of adjusting; 
wherein said steps of adjusting include steps of dynami- 
cally selecting a set of altered first values in response to 
said second information, said set of altered first values 
including at least two changes to said first parameters 
and said second parameters, said set of altered first 
values having been determined to be superior to altered 
first values having only one change to said first param- 
eters and said second parameters. 

15. Abase station controller as in claim 14, wherein said 
first layer and said second layer are selected from the group: 
a physical layer, a media access layer, a network layer, a 
transport layer, an application layer. 

16. A base station controller as in claim 14, wherein said 
first parameters include at least two of: an antenna selection 
value, a power level value, a channel selection value, a 
modulation type value, a symbol rate value, an error code 
type value, a set of equahzation values. 

17. A base station controller as in claim 14, wherein said 
second parameters include at least one of: a payload element 
size, a message size value, a set of acknowledgment and 
retransmission values, a TDD duly cycle value. 

18. A base station controller as in claim 14, wherein said 
communication link is subject to at least one of: interference 
effects, multipalh effecLs, both interference effects and mul- 
lipath effects. 

19. A base station controller as in claim 14, wherein said 
communicalion link includes a wireless communication 
link. 

20. Abase station controller as in claim 14, wherein said 
communication link includes a plurality of distinguishable 
channels, said channels being distinguished using a plurality 
of: frequency division, time division, space division, spread 
spectmm code division. 

21. Abase station controller as in claim 14, wherein said 
communication link includes a plurality of distinguishable 
channels, said channels being distinguished using at least 
one of: frequency division, time division, space division, 
spread spectrum code division. 

22. A base station controller including 

one or more antennas for sending and receiving informa- 
tion over a communicalion link; 

a processor that controls sending and receiving informa- 
tion over the communication link responsive to at least 
first parameters associated with a first layer of an OSI 
model communication system and one or more second 
parameters associated with a second layer of an OSI 
model communication system; and 

a memory that stores data and instructions, the data 
including the first parameters and the second parameter, 
the instructions including steps of: determining first 
values for a plurality of the first parameters and the 
second parameters for the communication link; sending 
first information using said first values; obtaining sec- 
ond information regarding characteristics of said com- 
munication link in response to a result of said steps of 
sending; adjusting a plurality of said first values in 
conjunction in response to said second information, 
whereby said first parameters and said second param- 
eters for further use of said communication link are 
responsive to said steps of adjusting; and recording an 
old set of said first values for said communication link; 

wherein said steps of adjusting include 

calculating a new set of said first values for said 
communicalion link in response to a result of said 
steps of obtaining second information; and 
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combining an adjusted set of said first values adaptively 
in response to said old set of said first values and said 
new set of said first values. 

23. A base station controller as in claim 22, wherein said 
steps of combining include determining said adjusted set 5 
using at least one hysteresis parameter. 

24. A base station cx)nlroller as in claim 14, wherein said 
steps of adjusting are responsive to a type of protocol being 
used by at least one of the group: a physical layer, a media 
access layer, a network layer, a transport layer, an applica- 
tion layer. ""^ 

25. A base station controller as in claim 24, wherein said 
steps of adjusting are respon.sive to whether an application 
layer protocol is for asymmetric transfer of information. 

26. A base station controller as in claim 24, wherein said 
steps of adjusting arc responsive to whether an application 
layer protocol is for sending voice or video information. 

27. A memory storing information including instructions, 
the instructions executable by a processor to control sending 
and receiving information over a communication link 
responsive to at least first parameters associated with a first 20 
layer of an OSI model communication system and one or 
more second parameters associated with a second layer of an 
OSI model communication system, the instructions includ- 
ing steps of: 

determining first values for a plurality of the first param- 25 
eters and the second parameters for the communication 
link; 

sending first information using said first values; 

obtaining second information regarding characteristics of 
said communication link in response to a resuU of said 30 
steps of sending; and 

adjusting a plurality of said first values in conjunction in 
response to said second information, whereby said first 
parameters and said second parameters for further use 
of said communication link are responsive to said steps 35 
of adjusting; 

wherein said steps of adjusting include steps of dynami- 
cally selecting a set of altered first values in response to 
said second information, said set of altered first values 
including at least two changes to said first parameters 40 
and said second parameters, said set of altered first 
values having been determined to be superior to altered 
first values having only one change to said first param- 
eters and said second parameters. 

28. A memory as in claim 27, wherein said first layer and 45 
said second layer are selected from the group: a physical 
layer, a media access layer, a network layer, a transport layer, 

an application layer. 

29. A memory as in claim 27, wherein said first param- 
eters include at least two of: an antenna selection value, a 50 
power level value, a channel selection value, a modulation 
type value, a symbol rate value, an error code type value, a 
set of equalization values. 

3.0. A memory as in claim 27, wherein said second 

parameters include at least one of: a payload element size, 55 
a message size value, a set of acknowledgment and retrans- 
mission values, a TDD duty cycle value. 

31. A memory as in claim 27, wherein said communica- 
tion link is subject to at least one of: interference effects, 
mullipaih effects, both interference effects and muliipath 60 
effects. 
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32. A memory as in claim 27, wherein said communica- 
tion link includes a wireless communication link. 

33. A memory as in claim 27, wherein said communica- 
tion link includes a plurality of distinguishable channels, 
said channels being distinguished using a plurality of: fre- 
quency division, lime division, space division, spread spec- 
trum code division. 

34. A memory as in claim 27, wherein said communica- 
tion link includes a plurality of distinguishable channels, 
said channels being distinguished using at least one of: 
frequency division, time division, space division, spread 
spectrum code division. 

35. A memory storing information including instructions, 
the instructions executable by a processor to control sending 
and receiving information over a communication link 
responsive to at least first parameters associated with a first 
layer of an OSI model communication system and one or 
more second parameters associated with a second layer of an 
OSI model communication system, the instructions includ- 
ing steps of 

determining first values for a plurality of the first param- 
eters and the second parameters for the communication 
link; 

sending first information using said first values; 
obtaining second information regarding characteristics of 

said communication link in response to a result of said 

steps of sending; 

adjusting a plurality of said first values in conjunction in 
response to said second information, whereby said first 
parameters and said second parameters for further use 
of said communication link are responsive to said steps 
of adjusting; and 
recording an old set of said first values for said commu- 
nication link; 
wherein said steps of adjusting include 

calculating a new set of said first values for said 
communication link in response to a result of said 
steps of obtaining second information; and 
combining an adjusted set of said first values adaptively 
in response to said old set of said first values and said 
new set of said first values. 

36. A memory as in claim 35, wherein said steps of 
combining include determining said adjusted set using at 
least one hysteresis parameter. 

37. A memory as in claim 27, wherein said steps of 
adjusting are responsive to a type of protocol being used by 
at least one of the group: a physical layer, a media access 
layer, a network layer, a transport layer, an application layer. 

38. A memory as in claim 37, wherein said steps of 
adjusting are responsive to whether an application layer 
protocol is for asymmetric transfer of information. 

39. A memory as in claim 37, wherein said steps of 
adjusting are responsive to whether an application layer 
protocol is for sending voice or video information. 

♦ « % A « 
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